Supplementary Note 2: the electric polarization dependence on layer thickness in α-In 2 Se 3 thin layer
We studied the electric polarization dependence on layer thickness in α-In 2 Se 3 thin layer. In conventional bulk ferroelectrics, the piezoresponse is expected to be enlarged with increasing sample volume due to the accumulation of polarization in same orientation. However, for α-In 2 Se 3 thin layers, we observed that their net polarization was independent of sample thickness.
In figure S3 , we show the PFM measurements on different layers. Ferroelectric domains were directly visualized with contrasted piezoresponse signal intensity in Figure S3a . In Figure S3b , the PFM amplitude as a function of layer thickness was summarized. By in situ comparing the layer thickness and the PFM amplitude intensity, we found there was no correlation between the two. The strongest piezoresponse signal was observed from the thinnest layer with 5nm thickness. For a given QL, owing to the presence of out-of-plane electric polarization, there is strong built-in electric field within the layer, with positive polarization charges on one side and negative polarization charges on the other side. In few layer α-In 2 Se 3 with thickness above 2 QLs, as pointed out in previous theoretical study, the electric dipole in all the QLs preferred to align in the same orientation. The neighboring layers are stacked together with opposite charged sides, resulting strong charge transfer between layers. The charge transfer will significantly reduce the polarization induced build-in electric field within the material. Thereby, the net electric polarization in α-In 2 Se 3 thin layer (>2QLs) tends to be saturated, leading sample thickness independent piezoelectric response. Other possible reason for the observed thickness independent electric polarization may lie in the coexistence of non-alpha phase In 2 Se 3 thin layers, which may dilute the measured PFM amplitude as not all the layers have contributions to the piezoresponse signal.
In Figure S3c , we show the resonance spectrum of the cantilever used in the PFM measurement. The quality factor of the resonance was defined by . The quality factor was used to estimate the longitudinal piezoelectric coefficient
Supplementary Note 3: Schottky barrier formation in α-In 2 Se 3 /graphene heterostructure based ferroelectric diode For n-type semiconductor α-In 2 Se 3 , the band gap E g is around 1.4eV 1-3 , with its electron affinity at around 3.6eV. 4 The work function of the top/bottom electrodes were taken as 4.6eV 5 ( intrinsic graphene) and Al ( 4.33eV). At graphene/α-In 2 Se 3 interface, electrons in α-In 2 Se 3 would move spontaneously into graphene due to a higher Fermi level. Therefore, positive holes would accumulate at the interface and generate a Schottky barrier. For the graphene samples used in our study, we found the monolayer graphene was p-type while few layer graphene (FLG) was intrinsic. Thereby, in FLG/α-In 2 Se 3 /graphene ferroelectric diode, the Schottky barrier at the two interfaces, FLG/α-In 2 Se 3 and graphene/α-In 2 Se 3 , were with different heights. The Schottky barrier at FLG/α-In 2 Se 3 interface was lower than that at graphene/α-In 2 Se 3 interface. The same phenomenon occurred in the metal/α-In 2 Se 3 /graphene ferroelectric diode. The α-In 2 Se 3 /Ti(Al) interface was with a lower barrier than that of graphene/α-In 2 Se 3 interface.
Supplementary Note 4: Switchable rectifying behavior in metal/α-In 2 Se 3 /graphene ferroelectric diode As a test of the interface effect on the polarization stability of α-In 2 Se 3 , we changed the top electrode material in the Electronic Supplementary Material (ESI) for Nanoscale. This journal is © The Royal Society of Chemistry 2018 ferroelectric diode from few layer graphene to metal Al. It is well understood that the metal electrode would significantly reduce the electric polarization of a given ferroelectric due to its finite electron screen length. In our metal/α-In 2 Se 3 /graphene ferroelectric diode, we observed similar electric transport properties with worse performance as shown in Figure S7 . The polarity of the diode could be switched under a higher DC bias ( Figure S7c,d) . The I-V curves in Figure S7g ,h show ± 4 characteristic hysteresis behavior, but with less resistive switching effect if compared to that in the FLG/α-In 2 Se 3 /graphene ferroelectric diode. The observed electric transport behavior can be explained within the same scenario as discussed in the main text, the different modification of the Schottky barrier at the two interfaces (metal/α-In 2 Se 3 and graphene/α-In 2 Se 3 ) by the two reversed electric polarizations. We found the on/off ratio of the metal/α-In 2 Se 3 /graphene ferroelectric diode was at the order of ~10 4 . The study on the interface effect indicates the robustness and stability of the 2D ferroelectricity in α-In 2 Se 3. 
